We investigate the effect of an acute health shock on retirement among elderly male workers in Denmark, 1991Denmark, -1999, and in particular whether various welfare state programs and institutions impinge on the retirement effect. The results show that an acute health event increases the retirement chances of elderly male workers by 8%, and that this increase in the baseline retirement probability is not affected by eligibility to early exit programs and persists even after accounting for selection due to take-up of disability pension. Neither is it affected by the relatively long duration of sickness benefits in Denmark nor by the promotion of corporate social responsibility initiatives since the mid-1990s. In the late 1990s, however, the retirement rate following a health shock is reduced to 3% with the introduction of the subsidized employment program (fleksjob) but this effect is on the margin of being significant. For the most part, the retirement effect following a health shock seems to be immune to the availability of a multitude of government programs for older workers in Denmark.
Introduction
Health shocks significantly alter workers' retirement plans, in fact more so than already existing health conditions. Dwyer and Hu (2000) find that developing a new work limitation between 2 waves of the U.S. HRS data increases the likelihood of retirement more than having a persistent limitation. Previous research by Riphahn (1998) based on the GSEOP finds that following a sudden drop in self-reported health satisfaction, older German workers are more likely to leave the labour force and suffer a decline in income which does not appear to be reimbursed by the benefits system. Coile (2004) finds that the shock effect of an unexpected health event such as a heart attack or the onset of a new chronic condition leads to a serious financial loss for the family mainly due to the reduced labour supply of the affected spouse, since added worker effects are small. Further, Coile and Milligan (2005) give evidence that such health shocks lead to a decline in business ownership and portfolio reduction.
None of the previous studies has directly assessed the role of particular institutions or policy instruments of the welfare state in influencing health-related exit from the labour market. Welfare state institutions which are designed to shield workers from the risks of unexpected negative effects can interact in important ways to strengthen or even weaken labour market attachment following a health shock. We explore the interaction between welfare state programs and negative health events experienced by elderly male workers in Denmark by way of simple reduced-form panel retirement age models which estimate the effect on the probability of retirement of new health disturbances that occur within the sample period on data drawn from the Danish Longitudinal Registers. The aim of this paper is to identify the retirement effects of negative health shocks and to assess whether the multitude of programs available to older workers in a well-developed welfare state economy impact retirement behaviour following a health shock.
To explore more closely the effects of the availability of welfare state programs on the impact of a health shock, four potential explanations are tested. First, we test whether the multitude of early exit options in the Danish welfare state may be siphoning out workers from the labour market, particularly low wage/low SES workers, a group for whom the replacement rate from early retirement pensions is high (see for example Bingley et al. 2004) . 1 This type of selection may imply that the composition of the labour force at older ages in Denmark could be made up of predominantly high SES, white-collar workers in relatively better health who are more able to return to work following a health shock. For example, the medical literature shows that pre-existing comorbidities such as cardiac disease and poorer physical functioning -more prevalent among low SES groups (Marmot 2001 ) -are strongly related to worse work-related outcomes following myocardial infarction (McBurney et al. 2004 ). Among stroke patients, studies show that workers from white-collar occupations show a higher tendency to return to work (Saeki et al, 1995) . Thus, taking into account exit through early retirement should reduce the retirement effect of a health shock.
Second, it may be the case that the relatively long duration of sickness benefits in Denmark (up to one full year within a 3-year window) allows workers with health problems to remain on the employment rolls longer. As the observation window following a given health shock is two years, the existence of a lengthy sickness benefits period may lead to an underestimation of the impact of a health shock on retirement.
Similarly, vocational rehabilitation might be a pathway to retirement in those cases 1 Although the normal age of retirement is 65 in Denmark, retirement at age 60 is widespread. Further, data from a Danish survey (AEldredatabasen) from 2002 show that among older workers almost 20% believe that remaining healthy will be an important aspect when they decide to retire.
where return to the labour market turns out to be impossible. The aim of this program is to retain and (re-)integrate individuals with reduced work capacity caused by physical, mental and/or social circumstances on the labour market. The program consists of e.g. an examination of the work capacity, courses, education in the ordinary educational system, and job training with a wage subsidy.
Third, our definition of retirement includes exit through disability pension.
However, due to the generosity and relatively easy access to disability pension (eligibility criteria have been made stricter, though, in recent years), many older Danes with health problems may have already withdrawn themselves before the start of the sample period, so that those in the labour force may constitute a more selected group, health-wise.
Fourth, welfare state economies have, for many decades, had to confront the problem of large numbers of employable individuals being supported by public income transfers, even in more recent decades when unemployment has been historically low.
In the 1990's two types of employment-enhancing initiatives were targeted in Denmark.
One of these were activation, and the other, particularly relevant for the current analysis, was corporate social responsibility (CSR), see Rosdahl (2000) . CSR was formally launched by a campaign undertaken by the Danish Ministry for Social Affairs in 1994. CSR emphasizes, among other things, the prevention of social problems which can lead to expulsion from the workplace and the retention of the long-term sick or disabled on the job. A related labour market program which focused on the retention of workers with health problems was the subsidized jobs program or fleksjob, introduced in 1998. As part of a move to create a more "spacious" labour market, employers were given wage subsidies to create special sheltered jobs with softer, more flexible working conditions in order to be able to accommodate individuals with health problems. The take-up of subsidized jobs has been high, although this affects mostly the later years of our sample period. 2 Thus, the introduction of subsidized employment would be expected to reduce the retirement effect of a health shock.
Of key importance in our analysis is the quality of the health data. Selfreported health has been found to be prone to justification bias, see for example Anderson and Burkhauser (1985) . In the case of a health shock, however, it is argued that since individuals are less likely to misreport the presence and/or new diagnosis of a specific condition, "objective" self-reported measures serve as good proxies. Yet, new findings by Baker et al. (2004) show considerable reporting error in these so-called "objective" measures as well. We circumvent these issues by applying purely objective medical diagnoses made at the time of hospital discharge available from the Danish National Patient Registry records and merged to the register sample we use. One shortcoming of objective health measures, however, is that they need not necessarily be correlated with work incapacity, see for example Bound (1991) . We focus, however, on diagnoses made for acute discharges that are expected to impose serious work limitations such as heart attack, stroke or new cancer.
The rest of the paper is organized as follows: Section 2 discusses the data, Section 3 presents in brief the estimation method, Section 4 the results and Section 5 concludes and discusses policy implications of the results.
Data and Descriptives
The data used in this paper are obtained from a huge Danish longitudinal register database that includes yearly information on all persons aged over 44 years from 1980 to 2001. In addition, information on spouses/co-habitants (even those 44 and under) is Health shocks are defined on the basis of diagnoses. In our data, diagnoses are classified according to the ICD-8 system before 1994 and according to the ICD-10 system after. In particular, we focus on hospitalization due to a particular type of health shock, namely acute health events (heart attack, stroke, new cancer). An individual might be admitted to a hospital several times during a year. Moreover, more than one diagnosis might be attached to a particular admission. If more than one admission is recorded for an individual during a year, we focus on the first one. If more than one diagnosis is attached to this admission, we concentrate on the diagnosis which, according to the WHO's international guidelines, can be characterized as the main condition.
The definition of retirement is based on yearly information on the labour market status by the end of November. We choose to operate with the widest definition of retirement as possible so that retired individuals include those whose labour market status is given as receiving (early or normal) retirement benefits or social disability pension or are outside the labour market. In the analysis, controls are added for chronic illness, accidents, age, education, industry/occupation, year and wealth.
We begin with a 20% random sample from the population registers for the period 1991-2001 of men aged 51-61 years in 1991 corresponding to 643,335 personyear observations. We restrict ourselves to those men, who are observed for at least three consecutive years and were working in the first year of this three-year period. As long as these conditions are fulfilled, the men remain in the sample. New persons are not added, so the sample becomes increasingly older but are never allowed to exceed age 69 at any time during the sample period. Our sample includes information on every year in the period 1991-2001. Thereby, we construct nine three-year periods based on 11 full years of data (1991-1993, 1992-1994, 1993-1995 etc.) . The sample restrictions leave 254,393 person-year observations. Appendix Table 1 shows summary statistics for the full set of variables that we include in our basic model. Table 1 shows summary statistics for labour force status and health, our key variables. 16.8% of the sample exits the labour force through retirement during our sample period. 1.7% of the sample experiences a medically diagnosed health event in conjunction with hospitalization, while 2.7% falls ill from a new chronic illness and 1.6% experiences an accident.
The hazard rate of retirement for individuals who experience a health shock appears in Figure 1 . This rate is calculated in each period as the number of individuals retiring in the given period following a health shock divided by the total number of individuals experiencing a health shock who could have retired in that period. The figure shows that the (unadjusted) retirement hazard following a health shock is increasing during the sample period although a small decline takes place in the middle of this period.
Empirical Model
We estimate simple reduced-form pooled retirement probability models of the form:
where R is the probability of retirement two years later, HS is a dummy for the occurrence of a health shock in the interval [t, t+2] and X is a vector of other controls which include dummies (reference category in parenthesis, whenever needed) for chronic illness, the occurrence of accidents, age (61 years in 1991), educational categories (Ph.D. and Doctor degree), industry/occupation indicators (hotels and restaurants), three-year period (the last period, 1999-2001) and wealth. We cluster standard errors at the individual level to adjust for correlation arising from the fact that most individuals are represented in more than one three-year period. Both linear probability (LPM) and probit models of retirement probability are estimated but as the probit results are nearly identical to the LPM, the former remains the chosen specification. We prefer a pooled model with cluster-adjusted standard errors at the individual level rather than a panel model such as fixed effects because the latter requires a lot of variation in the dependent variable which is not fulfilled in our case where individuals at most retire once during the sample period.
Results
Table 2 presents the findings on the key variables of the basic model. For the other model estimates, see Appendix Table 2 . Both in the linear probability model (LPM) as well as in the probit specification, a health shock increases baseline retirement by 8 percentage points.
We test a number of potential explanations to examine whether the availability of welfare state programs affects the impact of health shocks on retirement. First, to test the selection hypothesis that the multitude of early exit options in the Danish welfare state is siphoning out particularly low wage/low SES workers with poorer general health from the labour market, we re-estimate the basic model including indicators for eligibility to successively, the Transitional Benefits Program (TBP) and the Voluntary Early Retirement Program (VERP) (see Table 3 ).
TBP is an early retirement program for the long-term unemployed that was opened to the 55(50)-59 age-group in the years 1992(94)-1996, eligibility being based on age, membership in an unemployment insurance fund and previous unemployment experience. The VERP is an early retirement program which is open to workers starting from age 60, eligibility being based on (besides age) continuous unemployment insurance membership for a number of years. 3 The Danish register data allows us to identify unemployment insurance membership as well as previous unemployment experience. Based on these, we create indicators for TBP and VERP eligibility which are added successively to the basic model. The results in Table 3 show that controlling for neither TBP nor VERP eligibility reduce the baseline retirement probability and the impact of a health shock on retirement remains around 7.5%.
Second, the existence of a lengthy sickness benefits period and of vocational benefits may lead to an underestimation of the effect of health shocks on retirement by allowing workers with health problems to remain on the employment rolls longer.
Therefore, tentatively, we include sickness benefits and vocational rehabilitation benefits respectively in our definition of retirement. However, extending the definition of retirement does not move the estimated impact appreciably upwards as expected (see Table 4 ).
Third, many older Danes with health problems may have withdrawn themselves before the start of the sample period due to generosity and relatively easy access to disability pension. Therefore, we conduct an analysis in which we correct for potential sample selection due to disability by using a Heckman two-step procedure.
The included variables are age, education and wealth and as instrument we employ the regional disability rate by age-group in 1991. That is, individuals living in regions with high disability rates in 1991 are more likely themselves to go on disability pension.
Living in a high-disability region in 1991 is, however, assumed not to affect the individual's subsequent retirement decision in general. In can be seen from Table 5 that Mills ratio is significant but our central result remains unchanged when this ratio is included in the LPM regression.
Fourth, the promotion of corporate social responsibility (CSR) since 1994 and the introduction of subsidized employment (fleksjob) in 1998 would be expected to reduce the retirement effect of a health shock. To test whether the promotion of CSR could have led Danish employers to make extra efforts to retain workers with health problems, thereby reducing the estimated retirement effect of health shocks, we reestimate the basic model by splitting the sample into pre and post-1994 regimes. The results (in Table 6 , top panel) show that there is no difference in the estimated impact of a health shock on retirement in the pre-CSR versus the post-CSR regimes. This is the case even when the sample in both regimes is restricted to have the same agedistribution. Further, when splitting the sample into pre-and post-fleksjob regimes, it can be seen in Table 6 , bottom panel, that the effect of an acute health event is significantly smaller as expected, 3.3% following the creation of the subsidized jobs program. When restricting the age distribution to be the same in the pre-and postfleksjob regimes, however, the effect is still 3% but no longer significant. So, the introduction of sheltered jobs seems to reduce the likelihood of retirement following a health shock, although this effect is not always precisely estimated, and only arises in the last two years of the sample period. More years of data will be needed before we can conclude that this is indeed a robust effect.
In sum, we test a number of institutional explanations which could underlie the retirement effect of a health shock in Denmark, but we find that the retirement effect remains largely robust to the availability of a multitude of government programs.
Conclusions and Implications for Policy
This paper investigates the effect of an acute health shock on retirement among elderly male workers in Denmark, 1991 Denmark, -2001 The results show that an acute health event increases the baseline retirement probability by 8% but that this effect persists even after accounting for eligibility to various early exit programs which may be drawing out low wage/low SES workers with poorer general health in Denmark. Neither is it affected by the relatively long duration of sickness benefits in Denmark nor by taking the sample selection due to disability into account. The promotion of CSR initiatives in the mid-1990s does not impact the effect either. In the late 1990's, however, the retirement rate following a health shock is reduced to 3% with the introduction of the subsidized employment program (fleksjob) in Denmark giving employers wage subsidies to create softer jobs/flexible working conditions for individuals with health problems but this effect is on the margin of being significant.
The multitude of government programs made available by the Danish welfare state and the replacement rate from early retirement pensions, which is high compared to other European countries, implies that it should be relatively straightforward for workers experiencing health problems in Denmark to retire through one of the available exit routes. Nevertheless, our result suggests that for the most part the retirement effect following a health shock is immune to the availability of these programs and represents more likely a real health effect.
At the same time, however, the labour force participation rate in Denmark is fairly low for individuals in their 60s compared to other Nordic countries such as Norway, Sweden and Iceland (see e.g. Jørgensen et al., 2005) presumably reflecting the fact that the existence of the VERP enables the majority of Danish workers to retire at the age of 60. Our results suggest that early retirement through VERP is not closely related to serious health conditions. Therefore, instead of representing a real health effect, another explanation of our results could be that retirement in Denmark usually takes place before individuals fall ill, implying that working individuals in our sample are a somewhat selected group health-wise.
The VERP introduced in 1979 was specially designed to offer an exit route to workers with failing health, but in practice end up as exit route out of the labour market for a number of healthy workers as well. For example, according to a recent OECD study, a typical recipient of early retirement in Denmark comes straight from employment and suffers no particular health problem (OECD, 2006) . These findings suggest together with our results that the VERP is still too financially attractive to avoid so that many healthy older workers choose to retire early.
If the existence of fleksjob actually reduces the retirement effect of a health shock, wage subsidies to employers seem to be one way to retain individuals with serious work limitations in the labour market. However, selection issues may also be a concern here in that individuals remaining until the end of the sample period might on average be healthier than individuals of the same age in the beginning of the period.
The lack of importance of the availability of the multitude of government programs indicates that the way to affect retirement behaviour following a health shock is not through offering workers early exit routes but rather through the prevention of health problems through for instance baseline check-ups, improvement of working environment in order to eliminate e.g. stress factors and promotion of a more healthy lifestyle through better diet and increased physical fitness.
While we bring new evidence on the ways in which welfare state institutions in an advanced welfare-state nation influence health-related exit from the labour market, it should be pointed out that we adopt a simple reduced-form approach in this study instead of a structural model of the dynamic retirement decision where arrival of health shocks give new information that can be used to change retirement plans. While the findings from reduced form models cannot be used to inform policy to the same extent as structural models, our study exploits a very large dataset including extremely reliable health information drawn from hospital records and lead to some plausible findings which have important consequences for policy. 
